Human gastric surhce epithelial cells display the ABH blood group antigens with the core structure OfN-acetylIactde (NAcIr). Their expression is under the control of the secretor gene Se. The Thomsen-Friedenreich (T)-antigen (Galpl-3GaINAc4 is another core structure of the ABH antigens. We examined the gastric surface epithelial expression of Tand al-2 fucosylated T (F") histochemically with peanut agglutinin (PNA) and monoclonal antibody (MAb) MBrl, respectively. Eight of 24 individuals exhibited the PNA-reactive antigen (i.e., Tcupressers) and others the MBrl-reactive antigen (i.e., Fug-expresses). a-L-fumidase digestion of the FucT-positive tissues and p-galactosidase digestion of the T-positive tissues, mpectively, made them reactive with PNA and the antibody specific for GaINAca-0-Ser/Thr. There was a remarkable correlation among reactivities with MBrl, ulex empaeus lectin 1 (UEAI), and anti-Leb MAb CO-431. ABH blood group status had no correlation with this expression. We condude that human gastric surface epithelial cells constitutionally synthesize T in a configuration (i.e., Galpl-3GalNAca-O-Ser/Tbr) and that it was al-2 fumylated only in the Fub-expressers. al-2 fuqlation of T is suggested to be regulated by the Se gene. (J lYiktoc6em Cytochem KEY WORDS: Human stomach; Carbohydrate antigen; Thomsen-Friedenrcich antigen; Monoclonal antibody; Lectin; Immunohistochemistry.
Introduction
ABH blood group antigens are the major human allogeneic antigens. Four different core structures [Type 1 chain (1NAcLc Galbl-3GkNAc@l-), Type 2 chain (2NAcLc Galp1-4GkNAcf31-), Type 3 chain (a-T , and Type 4 chain (p-T Galp1-3GaINAc~l-)] carry their determinants (1-4). As ABH blood group determinants are oligosaccharide antigens, their expression is under the control of the genes encoding specific glycosyltransferases. gGalartoside al-2 fucosylation of the above four different core suuctures forms the respective H determinants. At least two different al-2 fucosyltransferases have been thus far described (5, 6) . One enzyme might be an Se gene product and another an H gene product. They have different substrate specificities for the Type 1 and 2 chains. It is unknown whether there is a particular a1-2 fucosyltransferase for the Type 3 and 4 chains.
the NAcLc-related antigens in the surface epithelia but does not in the deep glands. Fucosylation of 2NAcLc in the deep glands, where the 1NAcLc-related antigens are not expressed, is assumed to be regulated by the H gene. Expression and genetic control of al-2 fucosylated T in human gastric surface mucosa has not been previously addressed. Tis a disaccharide antigen, Galp1-3GalNAc-, and comprises two different configurations (i.e., a-T and p-T). PNA has high affinity for T without anomeric preference (11, 12) . Histochemical and biochemical studies have demonstrated the presence of PNA-reactive carbohydrate antigen in human gastric mucosae (13, 14) . Monoclonal antibody (MAb) MBrl (15, 16) is specifically reactive with FuCr (4, 17) . In the present study, the reactivity of this MAb and PNA with the surface epithelia of human gastric mucosae was studied. Individuals examined expressed either T or FucT cytoplasmically. The structures of the PNA-and MBrl-antigens were determined to be a-T and a-FucT, respectively. Those expressing the PNA-and MBrl-reactive antigen, respectively, were therefore the T-and FucTexpressers. a1-2 fucosylation of a-T in human gastric surface epithelia was found in the secretors and was suggested to be regulated by the Se gene.
Mate&ls and Methods
Tissues. Eighteen fundic and 12 normal pyrolic glands were selected from our recent gastric biopsy file. They were obtained from 24 patients Y .. 
Table 2. Lectin and antibody reactivity of suface epithelial cells of fundic glands
Lectin and monodod antibodies subjected to diagnostic endoscopy for gastrointestinal symptoms. Both glands were a d a b l e in six cases. AU tissues were diagnosed to be normal endoscopically and histologically. Biopsied materials were fmed with 10% neutralized formalin for 14-18 hr and embedded in paraffin.
I"uaohiSt0rhemisay and lectin I-Ihxt~cmistcy. The tissues were subjected to immunohistochemistry or lectin histochemistry after d e p d itation and rehydration as previously described (18). Eble 1 shows the methods used in the present study to detect the specific carbohydrate structures. MAb MBrl [anti-(Fucal-2Gal~1-3G~Ac-) antibody, IgM] (4.17) in the purified form was kindly donated by Prof. M. I. Colnaghi (Division ofExperimental Oncology E, Istituto Nazionale Tumori, Milan, Italy) and was diluted at 5 pglml with 0.5% bovine serum albumin in PBS for immunohistochemistry. MAb IE3 [ anti-(GalNAca-0-Ser/Thr) antibody, IgM, culture supernatant] (Hakomori S, personal communication) was kindly provided by Prof. S. Hakomori (Membrane Institute and University of Washington, Seattle, WA), and MAb CO514 (anti&" antibody, IgG, culture supernatant) (18). CO431 (anti-Leb antibody, IgM, culture supernatant) (18) were a gift from Prof. H. Koprowski (Wistar Institute of Anatomy and Biology, Philadelphia, PA). They were diluted two times for immunostaining. Biotinylated PNA and UEAl (Vector Labs; Burlingame, CA) were used at 2 pglml.
The tissues were reacted with the antibodies at room temperature (RT) The tissues incubated with biotinylated PNA or UEAl were treated with the avidin-biotin-peroxidase compla as described a h . No positivc staining was observed in the absence of the lectin.
Glyfosidase Eeatment. Glycosidase digestion ofthe dcpdinized and rehydrated tissue sections was conducted as previously described (19,20) .
Dducosylation was performed with a-Lfucosidase (1 U/ml of 0.1 M citrate 1, 2, 5, 6 , 7, and 10 correspond to patients 1, 2. 12. 7 , 15, and buffer. pH 5 ) from bed kidney (Bochringer; Mannhcim, Germany) at 37'C for 24 hr. BGalactosidasc from Streptococcw 6646K (Seikagaku Kogyo; Tokyo, Japan) was used at 0.1 Ulml in 0.1 M acetate buffer, pH 5.5, containing 10 mM each of MnC12, MgC12, and CaC12. The incubation was pcrformed at 37'C for 24 hr. Neuraminidase (Vibrio cholerae) was obtained from Behringwerke (Marburg. Germany). The tissues were incubated with 0.2 Ulml of neuraminidase in 0.1 M acetate buffer, pH 5 . containing 10 mM CaClz at RT overnight. The appropriate buffer was used as the noenzyme control.
Blood Group and Secretor Status. AB0 blood groups were determined on red blood cells by conventional hemagglutination techniques. Secretor status was determined immunohinochemically according to previous reports (9.21-23) . in which histochemical demonstration of UEAl-reactive antigen and Leb were correlated with the Secretor status determined by conventional methods. They were presumed to be the secretors when surface epithelial cells were positively stained with UEAl and/or the anti-Leb antibody.
Results and Discussion
The epitope for MAb MBrl is FucT (4,17). In 12 of 18 individuals (67%). the fundic surface epithelial cells showed cytoplasmic expression of the MBrl-reactive antigen ( Figure ID ; Table 2 ). Eight of the 12 pyrolic mucosae were also positively immunostained with A s -. 0 a a MBrl(18ble 3). In these individuals, expression ofthe PNA-reactive antigen was not observed except for occasional faint supranuclear expression ( Figure IC) . The PNA-reactive antigen was detected in all MBrl-non-reactive individuals (Zbles 2 and 3). The phenotypic expression of T and FucT in the fundic mucosae coincided with that in the pyrolic mucosae in all six cases in which both mucosae could be examined. We designated those expressing FucT as the FucT-expresser and those expressing T as the T-expresser. AB0 blood group status had no correlation with the expression of T and FucT (Tables 2 and 3) .
Seven fundic and three pyrolic PNA-nonreactive tissues from the FucT-expressers were subjected to defucosylation with a-Lfucosidase from beef kidney. It was previously shown that FucT is defucosylated by this enzyme (24.25). The defucosylated tissues then became positively stained with PNA (Figures 2A and 2B ; Tables 2 and 3). The cellular distribution of the newly exposed PNAreactive antigen was same as that of the MBrl-reactive antigen before defucosylation (Figures 1D and 2B) . These results suggested that the PNA-reactive antigen was al-2 fucosylated in the FucTexpressers. Defucosylation had no specific effect on the PNA reactivity in the T-expressers (Tables 2 and 3). PNA has high affinity for T, which is the precursor structure of FucT (11, 12) . The T-antigen comprises two different anomeric configurations, a-T and -T, and MAb 1E3 is specific for a-T (i.e., GalNAca-0-Ser/Thr). We digested the PNA-reactive but 1E3-nonreactive tissues with p-galactosidase from Streptococcus 6646K (26) .
Although the substrate specificity of this enzyme for T had not been confiied, the tissues became cytoplasmically immunostained with 1E3 after the enzyme treatment ( Figure 3B ; Table 2 ). No appreciable change was observed with the same treatment in the Fugexpressers (Table 2 ). From the observations described above, we concluded that a-T (i.e., Galpl-3GAlNAca-O-Ser/Thr), and Fuc-a-T, respectively, were the PNA-and MBrl-reactive antigens of human gastric surface epithelia. As all individuals expressed either a-T or its fucosylated product, a-T was presumed to be synthesized constitutionally. However, its al-2 fucosylation is activated only in the FucT-expressers. In other words, FucT is an allogeneic antigen of human gastric surface epithelial cells. However, gastric surface epithelial expression of p-T and PNA reactivity with 2NAcLc as previously suggested (13, 14) could not be denied, as defucosylation and degalactosylation in the present study did not completely abolish the MBrl and PNA reactivity (data not shown) and a reagent specific for p-T was not available.
We demonstrated the gastric mucosal expression of Tn, T, and FucT immunohistochemically. However, these structures were not found as the major components of human gastric mucin in a previous biochemical study (27) . As the gastric MBrl-reactive antigen is carried by mucin glycoproteins (Sotozono M and Okada Y, manuscript in preparation) , the majority of the T-related carbohydrate antigens are probably further glycosylated normally. As desialylation did not increase the tissue reactivity of PNA (data not shown), T appeared not to be sialylated directly in the normal stomachs.
al-2 fucosylation of NAdc in the surface epithelia of human stomach is under the control of the Se gene (9.10) . UEAl reactivity and Leb expression are the histological markers of the secretors (9, 13, (21) (22) (23) . We demonstrated that the surface epithelia ofthe Fugexpressers were reactive with UEAl and/or anti-Leb antibody (Tables 2 and 3). Those of the T-expressers expressed Lea but not Leb and the UEAl-reactive antigen. These observations suggested that a-T in human gastric surface epithelial cells was fucosylated in the secretors under the control of the Se gene. Fucosylation of the Type 3 chain (i.e., T) was previously suggested to be regulated by the Se gene (5). Histochemical studies also suggested that a1-2 fucosylation of T was controlled by the Se gene in pancreas (19), submandibular glands (28), and oral stratified squamous and salivary gland epithelia (29). Our results were compatible with these previous reports.
Supranuclear T expression was found in five fundic glands and one pyrolic gland of the FucT-expressers ( Figure IC, inset) . Similarly, faint supranuclear staining of Tn was observed in 90% of individuals ( Figure 3A, inset) . As the precursor structures of the cytoplasmically expressed carbohydrate antigens were thus detected supranuclearly (i.e., at the expected area of the Golgi apparatus), sequential glycosylation of the T-related antigens might take place in the Golgi apparatus. These observations suggest that complete al-2 fucosylation of T may be a prerequisite for its cytoplasmic uansport in the FucT-expressers. Hawever, it was also observed that Tn was cytoplasmically co-expressed with T or FucT in about 10% of individuals. The biological significance of these complicated distributions of the T-related carbohydrate antigens is unknown at present.
T antigen has been proposed as a specific marker for cancer (30). It is generally believed to be masked by further glycosylation in the normal tissues. However, positive PNA staining of normal gastrointestinal mucosae was previously described (13, 31, 32) . About 30% of normal colonic mucosae and 70% of pancreases were positively stained with PNA. About 30% of our cases also expressed the PNA-positive antigen in the gastric mucosae. Recent studies suggest that B-T but not a-T is the tumor-specific antigen (33). Further study will be necessary to determine the true nature of the cancer-specific T-antigen.
